Wastewater treatment plants are widely used to decrease harmful discharges to receiving water bodies. These plants are regarded as the top energy consumers by municipalities. Energy demand of a plant depends on the volume of wastewater treated, organic load and effluent quality requirement etc. In order to ensure energy efficiency in these plants, it should be focused on these parameters. In this study, the impacts of design parameters on energy cost for a dairy wastewater treatment plant were investigated. This paper aims to reveal the role of design flow on energy efficiency. An indicator parameter that is energy cost indicator has been used. This indicator was calculated for both design wastewater flow and operational wastewater flow. The results show that energy cost indicator of operational flow was higher than design flow that were 2.1x10 -8 and 2.36x10 -27 , respectively. If plants are operated in design flows, energy cost can be decreased.
Introduction
Wastewater treatment plants (WWTPs) are commonly used to prevent harmful discharges to receiving water bodies [1] . These plants are considered as one of the top energy consumers by the municipalities [2, 3] . Energy consumption leads to the greenhouse gas emissions which are the component of global warming in WWTPs [4] . Electricity consumption in a WWTP causes to the indirect greenhouse gas emissions therefor electricity consumption should take under control for the reduction of greenhouse gas emissions [5, 6] . Also, there is an economic dimension of the electricity consumption.
Energy demand of a plant is based on the volume of treated wastewater (wastewater flow rate), organic loading rate and effluent quality requirement etc. [7] . In order to obtain energy efficiency and to decrease the energy costs in WWTPs, it should be focused on these operational parameters.
Operational parameters of the wastewater treatment plants do not match the design parameters for several reasons such as the inaccurate estimation of the population served or production capacity of the industries, in general [2] . This mismatch has an unfavorable impact on the performance of the WWTPs and their energy costs and consumption. The major parameter is the wastewater flow rate among operational parameters. Differences between the operational wastewater flow and the design flow are responsible for inefficiencies in the process, so pollutant removal decreases and operational costs in terms of energy, reagents and maintenance increases [8] . Especially, for the industrial WWTPs, the types of production (batch or continue), production capacity variations are the major factors that lead to the mismatches. In particular, the production capacity affects the operational wastewater flow in terms of the quantity of treated wastewater in industrial WWTPs.
The aim of this paper is to reveal the role of design flow on energy efficiency and cost. The effects of design flow rate for a dairy wastewater treatment plant on energy cost were investigated and benchmarked with the operational inflow.
Materials and Method
In this paper, the estimation of the energy cost of the dairy wastewater treatment plant was based on the model developed by Hernandez-Sancho et al. (2011a) [9] . In this model, the performance index (Z) and energy cost indicator (ECI) that is derived from "Z" have been used. This indicator was calculated for both design wastewater flow and operational wastewater flow and then the results were benchmarked.
Description of the dairy wastewater treatment plant
The dairy industry is located in Turkey. In this study, a full-scale wastewater treatment plant of a dairy plant in Turkey was elected as the pilot plant, having 550 tons/day raw cow's milk processing capacity. The main products being processed are drinking milk, fruit juice, cream, milk powder, yoghurt and butter. The main wastewater generating points of the industry are the clarification, pasteurization and homogenization processes. The wastewater plant's characteristics used in this study were given in Table 1 . The wastewater analysis results were ensured using Standard Methods [10] . This industrial plant is a type of small-scale plants. Figure 1 demonstrates the wastewater treatment process flow scheme. 
Energy cost indicator (ECI)
Energy cost indicator (ECI) has been derived from Z, the volume of wastewater treated per year (V) (m 3 /y) and biological oxygen demand (g/m 3 ). In this study, ECI values related to design flow (ECI design flow) and operational flow (ECI operational flow) were calculated and benchmarked. In Eq. 2, the calculation model of ECI for small scale WWTPs was given [2, 9] . 
Results
The results revealed that energy cost indicator of operational flow was higher than design flow that were 2.1x10 -8 and 2.36x10 -27 , respectively. Figure 2 shows the comparison of them. 
Discussion
There are many study related to this topic. The use of cost functions is widespread in the literature. Most of the developed models for the wastewater treatment process have been applied to estimate the operational and maintenance cost of the process. [17] reported an over cost for a plant designed for twice or three times the mean flow.
Conclusions
This study demonstrates that the design wastewater flow is not only relevant for the investment cost estimation, but it is also related with the operational costs of the energy consumption. Energy cost indicator and the performance index can be used as an approach method to assess the energy costs of a WWTP.
Z is the most important variable in the equation. If the plant is operated under the design flow, Z is "0" (zero). So the cost indicator would be lower, if Z is "0".
The results revealed that energy cost indicator of operational flow was higher than design flow. Their values were 2.1x10 -8 and 2.36x10 -27 , respectively.
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